This work concerns a nonlinear diffusion᎐absorption equation with nonlinear boundary flux. The main topic of interest is the problem of finite time extinction, i.e., the solutions vanish after a finite time. The sufficient and necessary conditions for occurrence of extinction are established. It is shown that extinction is caused by either strong absorption in the interior of the domain or fast diffusion combined with strong absorption through the boundary of the domain. Extinction results are also obtained for the mixed boundary value problem. In contrast to the nonlinear Neumann problem, the absorption on the boundary is no longer important, i.e., the occurrence of extinction in this case is completely determined by the effects of diffusion and interior absorption. ᮊ
INTRODUCTION
In this paper we consider the initial boundary value problem u y ⌬ u q f u s 0 in ⍀ = 0, T , Ž . Ž . Ž . where ⍀ is a bounded domain in ‫ޒ‬ n with smooth boundary Ѩ ⍀; denotes the direction outward normal to ⍀ on Ѩ ⍀, T ) 0; functions , f, b are Ž . Ž . continuous, nondecreasing, and satisfy f 0 s b 0 s 0; and u is continu-0 Ž . ous and nonnegative on ⍀. ⌬ denotes the p q 1 -Laplacian with p ) 0, p ٌ is the differential operator associated with ⌬ , namely, Ž . The existence of solutions to problem 1.1 has been well established. w x w x See 3 and 1 , although only homogeneous Neumann boundary data w x combined with Dirichlet data were considered in 1 . The uniqueness of w x solutions, as well as the comparison principle, was also obtained in 1 for
Extinction of a solution in finite time means that the solution vanishes over ⍀ after a finite time. This phenomenon has been considered by Ž w x. several authors cf. 2, 4᎐7 for the homogeneous Dirichlet boundary value problem with p s 1, namely, 
Ž .
The present work will show that if a nontrivial solution of 1.1 becomes extinct in finite time, then necessarily we have
Ž .
-ϱ and -ϱ.
Ž . Furthermore, with some additional restrictions, condition 1.6 is also Ž . sufficient for any nontrivial solution of 1.1 to become extinct in finite time.
Ž . A prototype of problem 1.1 is the power-type nonlinearity case, namely, 
Ž . Ž . That is, nontrivial solutions of 1.7 admit extinction in finite time iff 1.9 holds.
The rest of this paper is organized as follows: First, the main results are described in detail in Section 2. Then non-extinction results are proved in Section 3 via integral estimation technique. In Section 4 a super-subsolution argument is used to show that extinction occurs in finite time. Section 5 is devoted to the study of mixed boundary value problems. The sufficient᎐necessary condition is obtained for extinction to occur in a finite time in this case, especially in the case of a Dirichlet boundary value problem. Finally, some concluding remarks are given in Section 6.
MAIN RESULTS

Žw
.. 1 ŽŽ ..
It is assumed throughout this work that
The following two structural conditions will be assumed in some results:
In the case p ) 1 at least one of the following conditions is 1 fulfilled: Ž . Ž . Ž while b is somewhat weaker than a in a certain sense cf. the proof of . Theorem 3.1 .
Ž . Moreover, it will be seen from the forthcoming argument that H is 2 not a serious restriction, and can be weakened to
Ž .
H Ј There exist , , and K ) 0 such that ) ) 0 and 
The following are several direct consequences of Theorems 2.1᎐2.3. They exhibit sufficient ᎐necessary conditions for the occurrence of extinction in finite time in various situations:
and H are fulfilled, and 
Assume that H and H are fulfilled, and 
Ž . Ž . Similarly, u x, t is called a subsolution of 1.1 if it satisfies the previous Ž 0 . Ž 0 . Ž Ž . . Ž Ž . . criteria 1 ᎐ 3 with u x, 0 F u x and the inequality sign in 0 Ž . 2.5 reversed. A solution is a function which is both a supersolution and a subsolution.
PROOF FOR NON-EXTINCTION RESULTS
w x
In this section we use the integral estimation method developed in 7 , with some improvement, to prove nonextinction results.
Ž .
Ž . Proof of Theorem 2.1. Let u x, t be a solution of 1.1 . Define, with
H H t 0 ⍀ and so H p
Let ␣ , ␤ G 0 satisfy ␣ q ␤ s p. By the Young inequality we have
where C is a constant, independent of ⑀. Therefore,
⑀ Now we are going to select ␣, ␤ so that
where the constant C is also independent of ⑀.
Ž . If p ) 1, according to H , we have to deal with two cases, a and b . 1 
In the case a , we see that either some ␦ ) 0,
Hence, we set ␣ s p and ␤ s 0 and obtain
Consider the region
which implies
Ž . Then similarly to case a we obtain
Ž . 3 2 In summary, we obtain that
where the constant C ) 0 is independent of ⑀. Letting ⑀ ª 0 we arrive at
Ž . Ž . By condition 3.1 and the arbitrariness of function h we see from 3.5 that Repeating this procedure step by step we have that ess sup u и, F s , k s 1, 2, 3, . . . ,
MIXED BOUNDARY VALUE PROBLEM
In this section, we consider the mixed boundary value problem:
